Background: Entry into a new therapeutic area, that is, one in which a pharmaceutical firm lacks experience, is a considerable challenge for firms that need to overcome scientific and technological barriers. To address this issue, the present study aims to explore the potentiality of alliances in an empirical manner. Methods: From the clinical trials sponsored by 20 major pharmaceutical firms during 2008-2016 listed at ClinicalTrials.gov (n ¼ 14,941 clinical trials), cases of entering a new therapeutic area for a pharmaceutical firm were extracted (n ¼ 73), followed by statistical analyses to evaluate the effect of alliances in this regard. Results: We found that the average number of participating organizations in the cases of entering a new therapeutic area was significantly larger than that in the cases of entering an area in which firms had experience (P < .01), suggesting that alliance has a positive effect on new therapeutic entry for these pharmaceutical firms. Second, we found that the cases of partnering with nonindustrial or nongovernmental organizations (ie, universities, research institutes, hospitals, funding agencies, and others; n ¼ 32 of the 73) were significantly associated with these new entry trials (adjusted odds ratio ¼ 1.1, P < .05). Furthermore, we identified that 10 of the 32 clinical trials were associated with rare diseases, which is an overrepresentation compared to the occurrence in the universe (1015 of the 14,941; P < 10 -5 ). Conclusions: These findings strongly suggest the importance of alliances with diversified partners in new therapeutic entry and also provide a basis for further detailed investigation of key success factors for pharmaceutical firms.
Introduction
Since the late 2000s, pharmaceutical firms have been facing considerable challenges because of the so-called patent cliff, 1 significantly increasing research and development (R&D) expenditure, 2 and decreasing productivity, 3 which has forced reconfiguration of their R&D strategy. 4 One promising approach is a category leadership strategy that narrows down the focus on therapeutic areas and maximizes profitability. 5 By taking the category leadership strategy, Biogen Inc, for instance, has strengthened its category leadership in the neurologic disease area with a particular focus on multiple sclerosis. 6 Biogen entered this area with interferon beta-1a for relapseremitting multiple sclerosis and established its leading position with other related products. 7 At the same time, the firm disposed of or terminated several programs, such as oncology and cardiology, that were out of its category focus. 6 Conversely, Gilead Sciences, known as a category leader with a suite of antivirus therapies, announced the acquisition of Kite Pharma, Inc, one of the leading developers of chimeric antigen receptor (CAR)-T cell immunotherapies, 8 aiming to enter a new therapeutic area to build up a new category pillar.
One of the possible difficulties when entering new therapeutic areas is the entry barrier, 9 which is defined in economic theories of competition as additional costs that must be incurred by entrants, not by incumbents. 10 In the pharmaceutical industry, the entry barrier into new therapeutic areas is critical from a technological aspect in particular because competitive technologies are highly expertized and specialized to each therapeutic area. For example, the delivery of drugs through the blood-brain barrier is one of the most crucial technologies, especially in the neurologic area.
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It is not easy for new entrants to develop new technological capabilities in a target therapeutic area that has yet to be explored. The above-mentioned drastic transformation of a firm's strategy could hardly be achieved through organic and incremental growth. Mergers and acquisitions (M&A) 12 and proactive license-in 13 could be a means of ensuring new entry efforts; however, little is known about how such types of alliances affect entries into new therapeutic areas from the technological perspective.
To address this issue, the present study explores the effect of alliance on entries into new therapeutic areas and provides insights on pharmaceutical firms' entry strategies. In practice, performing clinical trials or translational research on humans is the primary step for a pharmaceutical firm to enter a new therapeutic area for both cases of its own and in-licensed drug candidates. Therefore, an empirical approach was adopted based on a widely used clinical trials database.
An alliance refers to an arrangement in which 2 or more organizations share their own resources to achieve their goal while maintaining their own identities.
14 Among the traditional motives, such as market entry, improved efficiency, and risk reduction, 15 the present study focuses on those associated with entries into new therapeutic areas. As mentioned above, facing an entry barrier to a target therapeutic area, pharmaceutical firms may be inclined to engage in an alliance to fill gaps with the complementary external capabilities of a partner. Based on these considerations, we tested whether the number of alliances with academic, industry, and governmental players has a positive effect on a pharmaceutical firm's entry into a new therapeutic area.
Methods
ClinicalTrials.gov is a database developed and maintained by the National Institutes of Health (NIH) and the Food and Drug Administration (FDA) in the United States. 16 In order to facilitate analysis of the complete set of clinical trials, the data from ClinicalTrials.gov have been reformatted and restructured as a relational database called the Aggregate Analysis of ClinicalTrials.gov (AACT) database by the Clinical Trials Transformation Initiative (CTTI). 17 In this study, the latest AACT database as of October 2017 was downloaded. Information on clinical trials and collaborations was retrieved from the database. Hereafter, the names of entities and their attributes in the database are written in italic typeface.
Medical Subject Headings (MeSH), created and updated by the National Library of Medicine (NLM), is a comprehensive, hierarchical, and controlled vocabulary for indexing journal articles and books in the life sciences. 18 It primarily serves as a thesaurus that facilitates searching and is also used to characterize which diseases are studied in clinical trials registered in ClinicalTrials.gov 16, 17 ; more specifically, clinical trials are associated with disease-related MeSH terms. In this study, the 2017 MeSH thesaurus broadest disease classification level, consisting of 27 therapeutic categories, was used for simplicity, as previously used. 19 Whether a clinical trial c represents entry into a new therapeutic area depends on the previous experience of clinical trials in the area. In this study, a clinical trial is called "entry" when the pharmaceutical firm had no other clinical trials in the area for at least 5 years since the last clinical trial in the area at the time of the trial. This interval period was set because the time required to take a product from the start of patient testing in phase II to regulatory approval ranges from 1 to 6 years. 20 Note, however, that changing it within the range from 4 to 6 years did not affect the conclusion (data not shown).
Let a c be a variable indicating the number of participating organizations in clinical trial c. As the AACT database provides information not only on organizations but also on organization type (industry, NIH, U.S. Fed, or other), a c can be broken down into 4 elements, that is, x 1 , x 2 , x 3 , and x 4 , corresponding to the number of organizations of each of these types. In order to evaluate the effects of these types of alliance, a logistic regression model in which 4 elements are linearly combined was used as follows:
where P is the probability of a trial being an entry into a new therapeutic area and b is a weight vector. All statistical analyses were performed using the R statistical software (version 3.4.1).
This article does not contain any studies with human or animal subjects performed by any of the authors.
Results
A schematic representation of data processing flow is shown in Figure S1 . First of all, 111,627 drug interventional trials were extracted from the AACT database. These trials were conducted in 188 countries, but mainly in the United States, accounting for 50%. Statistics on the sponsors entity shows that most of the trials were led by other and industry agency classes, accounting for 53% and 42%, respectively. The annual number of clinical trials led by each agency class also indicates that these 2 major classes had dominated since the late 1990s, as shown in Figure 1 . In addition, this suggests another intriguing fact; while the annual numbers of clinical trials in cases of both other and industry agency classes had been consistently increasing until the late 2000s, only the trend of the industry agency class turned over in 2008. Since then, the annual number of clinical trials led by the industry agency class has tended to decrease. The cause is not known for certain, but one possible reason is the so-called patent cliff in the late 2000s. 1 To avoid a possible confounding effect due to this trend shift, this study first focused on the period from 2008 to 2016.
In the database, 58,461 of the drug interventional trials were related to at least 1 organization belonging to the industry agency class; that is, the trials included participation by industry-related organizations as either a lead or a collaborator. In order to set the focus on organizations, the number of clinical trials for each organization belonging to the industry agency class was evaluated, and the top 20 were chosen from 4684 organizations for further analysis. The chosen organizations consisted mainly of global large pharmaceutical firms, as listed in Figure 2 . Clinical trials in which at least 1 of these firms participated accounted for approximately half of the industryrelated clinical trials (46%). Furthermore, the annual number of clinical trials in which they participated tended to decline over the last decade, as did that of the industry agency class overall in Figure 1 . Although this does not cover all clinical trials, the clinical trials in which the target organizations participated can therefore be regarded as reasonable representatives of industryrelated clinical trials.
According to the MeSH thesaurus, 18 27 therapeutic categories were assigned to 14,941 clinical trials in which the top 20 organizations participated from 2008 to 2016. To overlook distribution of clinical trials among therapeutic areas, a therapeutic area map of clinical trials was drawn for each organization, as shown in Figure S2 . As one of the remarkable overall trends among those maps for the 20 organizations, their clinical trials in various therapeutic areas began to be registered in the late 1990s or at the latest in the early 2000s. The map for GlaxoSmithKline Pharmaceuticals Ltd (hereafter referred to as GSK) is shown in Figure 3 as an example, not a representative. The map shows that GSK conducted a clinical trial in the therapeutic area of eye diseases in 2009. Since it had no experience with clinical trials in the area before 2009, the trial can be considered as entry into a new therapeutic area. In the same way, 73 trials in which the target organizations participated were identified as entry into new therapeutic areas.
The number of participating organizations in entry clinical trials was significantly larger than that in nonentry clinical trials (1.487 + 0.987 for nonentry and 1.822 + 1.206 for entry clinical trials; t test P < .01). In order to further investigate the effect of agency classes on entry, the number of participating organizations was broken down into the number in each agency class, and then a regression analysis was performed in which those broken factors were linearly combined. The result, as shown in Table 1 , is that the number of participating organizations belonging to the other agency class was significantly associated with entry clinical trials (adjusted odds ratio ¼ 1.1, Wald test P <.05), indicating that partnering with organizations belonging to the other agency class has a positive effect on entry into new therapeutic areas.
Further investigation was made for 32 of the entry clinical trials in which at least 1 organization belonging to the other agency class participated, as shown in Table S1 . First, agencies were classified into the following 5 subgroups: university, research institute, hospital, funding agency, and other; the allocations were 14, 4, 15, 6, and 5, respectively. Second, to test the hypothesis that observed cases work as a cue to direct drugs toward rare diseases, we examined the matching of given MeSH terms of each clinical trial to Orpha.net, a database of approximately 6000 rare diseases. 21 The result showed that 10 of the 32 clinical trials were associated with rare diseases, which is an overrepresentation compared to the occurrence in the universe (1015 of 14,941; P < 10 -5 ), supporting that collaboration of firms with academia focusing on rare diseases would be adequate in entry clinical trials. Third, in order to observe whether these interventional compounds were thereafter successfully marketed, the first launch year of each compound was confirmed with the EvaluatePharma database, as shown in Table S1 . Interestingly, we found that 25 of the 32 compounds (78%) were already on the market at that time of starting the clinical trials, suggesting that pharmaceutical firms were likely to leverage marketed drugs rather than ones under development for entry into new therapeutic areas.
Discussion
As alliances have been increasingly important in the pharmaceutical industry, various types of partnership models have been proposed. 4, 22 In particular, so-called university- industry collaboration has been expected to be a source of innovation through the R&D process. 23, 24 In accordance with these trends, the present study aims to explore the effectiveness of alliances on value creation in clinical development using an empirical approach by analyzing the role of industry-academic partnerships in new therapeutic entry. The expansion of usages of marketed drugs is referred to as drug life cycle management or drug repurposing, and the advantages of taking this approach have been extensively discussed in the previous literature. 25, 26 One strategic utility of this approach is oriented to finding new indications through collaborative research activities, 27 which is expected to contribute to new therapeutic entry by the firm.
This study adopted ClinicalTrials.gov as the primary database of registered clinical trials. This approach has several advantages, including its public availability 16 and mandatory registration requirement. 28 Hence, the ClinicalTrials.gov registry has been widely used for investigation of clinical trials. 19, 29 However, the ClinicalTrials.gov registry has some drawbacks. First, the registry may include registration bias. 28 Pharmaceutical firms were not necessarily proactive in disclosing information at the inception of ClinicalTrials.gov; however, the FDA Amendments Act (FDAAA) enacted in 2007 affected their disclosure policy to register all trials to the database. 28 Therefore, there is little possibility of being unregistered after 2007, but as pointed out, more attention should be paid to the discontinuity. Second, it does not cover all clinical trials executed in countries other than the United States. In order to address these limitations, data from other registries, such as the European Clinical Trials Database (EudraCT) and the Japan Primary Registries Network (JPRN), are to be further studied in the future.
A key limitation is that although the association between the number of collaboration partners and entry clinical trials is statistically significant, the effect size is relatively small. One possible reason for this small effect size is that the collaborations registered on ClinicalTrials.gov are heterogenous. Analyses with additional information on the collaborations, such as type, deal size, and strength, would be valuable for estimating the effect size precisely in specific cases. The significantly larger number of entries into rare diseases among those trials involving other organizations evokes several advantages for pharmaceutical firms. First, in our observation, 27 of 32 organizations (84%) in the other agency class were universities, research institutes, or hospitals. As previously investigated, 29 the knowledge and expertise held by these types of organizations on unprecedented rare diseases may be effectively transferred to leverage the pharmaceutical firm's capability of drug discovery and development. Second, drug development with an orphan designation can benefit the pharmaceutical firm through various incentives, such as tax credits, exemption from FDA application filing fees, public grants for clinical development, protocol assistance, and marketing exclusivity, that lead to fast regulatory approval. 30 Third, the approach of using marketed drugs can be used to effectively meet a high level of unmet medical need at a limited cost. These advantages may contribute to mitigating the entry barrier into new therapeutic areas.
Conclusions
In this open innovation era, alliance in drug development has been increasingly recognized as an important strategy. However, the type of organization that makes the best partner depends on the purpose. In the present study, the comprehensive analyses of clinical trial registry data evaluated the relative impact of each agency class on entry clinical trials and showed that partnership of firms with other organizations, such as universities, hospitals, and research institutes, has a relatively larger effect on therapeutic area entry.
In order to explore possible incentives for alliance for entry, we further investigated the entry clinical trials and revealed that they were likely to target rare diseases and/or leverage marketed drugs. This observation suggests that partnership with other agency class organizations beyond pharmaceutical industry is encouraged to mitigate the entry barrier. We believe that our findings provide a basis for further detailed investigation of these factors for the success of therapeutic area entry.
